In the bovine synepitheliochorial placenta, restricted trophoblast invasion requires complex interactions of integrin receptors with proteins of the extracellular matrix (ECM) and integrin receptors of neighboring cells. Activated integrins assemble to focal adhesions and are linked to the actin cytoskeleton via signaling molecules including alpha-actinin (ACTN), focal adhesion kinase (PTK2 or FAK), phosphotyrosine, and talin (TLN1). Aims of this study were to assess integrin activation and focal adhesion assembly within epithelial cells of bovine placentomes and low-passage (not transformed) placentomal caruncular epithelial cells cultured on dishes coated with ECM proteins. Immunofluorescence analysis was performed to colocalize the signaling molecules ACTN, PTK2, phosphotyrosine, and TLN1 with each other and with beta 1
INTRODUCTION
The synepitheliochorial placenta is the key site of fetomaternal communication regulating embryonic development and maintenance of pregnancy in ruminants. In bovine placentomes, trophoblast invasion is restricted to two cell types, the chorionic and maternal epithelia [1] . Trophoblast giant cells (TGC) develop through acytokinetic mitosis of mononuclear trophoblast cells, migrate towards the intact maternal epithelium, and fuse with single epithelial cells, forming feto-maternal hybrid cells that, upon degeneration, deliver a variety of metabolic substances to the endometrium [1, 2] . This process requires complex interactions between integrin receptors on TGC and various extracellular matrix (ECM) proteins in the surrounding tissue. Therefore, the bovine placentome provides an excellent model to study the mechanistic involvement of integrins and ECM to initiate, support, and limit cell migration and invasion.
Integrins are a and b heterodimeric cell surface receptors belonging to a family of transmembrane adhesive glycoproteins. They are major ligands for ECM proteins and counter receptors on adjacent cells and, in vertebrates, play an important role in cell-cell adhesion and mechanotransduction [3, 4] . Integrin-mediated cell-ECM and cell-cell adhesion involves rearrangement of cytoskeletal proteins and activation of intracellular signaling cascades that profoundly effect cell functions critical for tissue development, the immune response, hemostasis, angiogenesis, tumorigenesis, embryo implantation, and placentation during pregnancy [5, 6] . Activation of integrins can result from initial low-affinity ligand binding that converts to high-affinity binding, and this causes ligandinduced clustering within the plasma membrane. This ''outsidein'' activation process is followed by the assembly of complex focal adhesions within the cell through which mechanical forces are transmitted and signaling cascades are activated. Transmission of mechanical forces from integrin bound to the ECM involves structural components such as TLN1 (talin), ACTN (a-actinin), and FLNA (filamin), which link the integrin cytoplasmic tails to the actin cytoskeleton.
In contrast to the outside-in activation pathway, the affinity state of integrins for their ligands can be increased through an ''inside-out'' pathway in which cytoplasmic signals lead to integrin activation and focal adhesion assembly. Inside-out signaling involves the binding of TLN1 to the b-integrin tail as a final common step in integrin activation leading to integrin clustering, activation of PTK2 (also known as focal adhesion kinase or FAK), and tyrosine phosphorylation of a number of focal adhesion constituents [7] .
Focal adhesions are, therefore, dynamic structures in which protein-protein interactions between more than 150 different components can occur, including cytoskeletal and actinbinding proteins, adaptor proteins, serine/threonine and tyrosine kinases and phosphatases, GTPases and numerous other classes of proteins [3, [8] [9] [10] . The sizes of the focal adhesions, their composition, and signaling activity is dependent upon forces generated between the matrix and cytoskeleton, as is the extent of tyrosine-phosphorylated protein found within focal adhesions [4] .
The temporal and spatial expression patterns of the ECM proteins collagen type I, collagen type IV (COL4), FN (fibronectin), and LAMA (laminin), as well as the integrin subunits a 1 , a 2 , a 3 , a 4 , a 5 , a 6 , a v , b 1 , b 3 , and b 4 (ITGA1,  ITGA2, ITGA3, ITGA4, ITGA5, ITGA6, ITGAV, ITGB1,  ITGB3 , and ITGB4, respectively), have been described for the bovine placenta throughout pregnancy [11, 12] . We recently established and validated a cell culture model of caruncular epithelial cells derived from pregnant cows [13, 14] . The cells were subcultured twice prior to experiments and were therefore defined as low-passage, nontransformed cell lines [15] . These epithelial cells produced LAMA and FN and expressed the integrin receptors a 6 b 1 and a v b 1 [13] . The aim of the present study was to determine whether integrin receptors of epithelial cells within bovine placentomes are activated to form focal adhesions and whether integrin activation in caruncular epithelial cells in vitro occurs in a manner similar to what occurs in vivo. Aggregation of the ITGB1 integrin, actinbinding proteins TLN1 and ACTN, a signal generator PTK2 involved in inside-out and outside-in signaling, as well as tyrosine-phosphorylated proteins were used as classic markers for focal adhesion assembly [16, 17] . In addition, we assessed whether coating of cell-culture flasks with COL4, LAMA, or FN affected cell proliferation and expression of integrin subunit ITGB1 and focal adhesion molecules. These results highlight the critical utility of well-characterized in vitro cell culture systems to dissect the mechanistic events that are essential for embryo survival during pregnancy.
MATERIALS AND METHODS

Tissue Collection
Tissues were collected as described previously [13] . Briefly, uteri from pregnant cows (Bos taurus) with a gestational age of 3 mo and up to term were retrieved from the local slaughterhouse 20-30 min after killing and brought to the laboratory for subsequent processing. The crown-rump length of the fetus was measured to estimate the day of gestation according to the Keller formula [18] .
Placentomes were collected in a sterile manner by opening the uterus along the large curvature and cutting off the placentomes at the attachment site to the uterine wall. Placentomes collected for histology and protein extraction were snap-frozen in liquid nitrogen and stored at À808C. The samples were divided into three groups (n ¼ 6 per group): early (3-4 mo), mid (5-6 mo) and late (7-9 mo) stages of pregnancy. Placentomes collected for cell culture were put in a sterile beaker that was immediately placed under the laminar flow hood for subsequent processing.
Cell Culture
Low-passage (nontransformed) cell cultures were generated and cryopreserved as described previously [13, 14] . Briefly, prior to tissue collection 50-ml tubes containing 200 U/ml collagenase I, 10% Hanks Balanced Salt Solution (HBSS) with Ca 2þ and Mg 2þ (Biochrom, Berlin, Germany), and 90% medium composed of Dulbecco modified Eagle medium (DMEM)/Ham F12 (PAA, Cölbe, Germany) containing 10% fetal calf serum (FCS) and 1% penicillin/ streptomycin (10 000 IU/10 000 lg/ml; Biochrom) in a 10-ml solution were prepared for disaggregation.
The placentome was manually separated into fetal cotyledon and maternal caruncle. A 1-to 2-cm 3 piece of caruncle was dissected, attached to a sterile cotton thread, and immersed in the disaggregation solution with the epithelial surface facing the solution. After a 60-min incubation period (378C) the tissue was discarded. The solution was centrifuged for 5 min (160 3 g), and the pellet was resuspended in medium, seeded in four 24-cm 2 cell-culture flasks (7 ml/ flask) and incubated in 5% CO 2 /95% air at 378C. Ten to fourteen days after isolation, the first passage was performed by a wash in HBSS without Ca 2þ and Mg 2þ and a 3-to 5-min incubation (378C) in a 0.05% Trypsin/0.02% EDTA solution (Biochrom), leading to detachment of predominantly fibroblast cells. The solution was then discarded, and a second 2-min incubation period in Trypsin/EDTA allowed for detachment of the epithelial cells using a cell scraper. The resulting cell suspension was resuspended in medium and subsequently seeded into two new cell-culture flasks. After another 5-10 days in culture, the cells reached confluence and were passaged again as described above. Cultures containing at least 90% caruncular epithelial cells, determined by qualitative assessment of the confluent culture dishes by the same observer, were cryopreserved by resuspension in 10% dimethyl sulphoxide (SigmaAldrich, Taufkirchen, Germany), 30% FCS, and 60% DMEM/Ham F12 and storage at À808C. Thawing was performed by resuspension in culture medium followed by centrifugation for 5 min (160 3 g) three times prior to seeding.
Western Blot Analysis
Primary antibodies used to detect integrin subunit ITGB1, phosphotyrosine, PTK2, TLN1, and ACTN are listed in Table 1 . Protein samples from lowpassage caruncular epithelial cells (.95%; no fibroblastoid cells identified by qualitative assessment) were chosen. Protein samples from snap-frozen placentomes obtained during the procedure of gaining primary cells served as positive controls. Incubation without primary antibodies served as negative control for unspecific secondary antibody binding. Total-protein extraction was performed by incubating the cells or tissue in 250 ll Laemmli sample buffer (Sigma-Aldrich) containing 20 ll/ml Benzonase (10 000 U per vial; Merck, Darmstadt, Germany) per 10-cm 2 cell monolayer for 30 min at room temperature followed by 7-min denaturation at 658C. Gel electrophoresis and Western blot were performed with the NuPAGE Gel System (Invitrogen, Karlsruhe) according to the manufacturer's protocol using Novex Bis-TrisGels 4-12% and Novex Tris-Acetate Gels 3-8%, respectively, and nitrocellulose membranes (0.2-lm pore). The APAAP method firstly described by Cordell et al. [19] was chosen to detect specific bands predicted for the antibodies applied. Briefly, membranes were incubated in blocking solution (0.1 M Tris buffer containing 5% skimmed dry milk) for 60 min. Overnight blocking was necessary when detecting integrin subunit ITGB1. Blots were then washed in 0.1 M TRIS followed by overnight incubation at room temperature with primary antibodies (ITGB1, PTK2, TLN1, and ACTN; details listed in Table 1 ) diluted in 0.1 M TRIS [19] . Blots were again washed and incubated for 45 min with a polyclonal rabbit anti-mouse bridging antibody (1:500; Dakocytomation, Hamburg, Germany). Finally, after a further washing step the blots were incubated for 45 min in APAAP-complex (1:500; Dakocytomation). In order to detect primary antibodies derived from rabbits (ITGB1 and PTK2), a further incubation step (45 min with a monoclonal mouse anti-rabbit antibody Clone 4G10, diluted 1:500; DakoCytomation) was performed prior to the bridging antibody. The colorimetric reaction was induced using BCIP/NBT substrate (KPL, Gaithersburg, MD) until bands were clearly visible. Detection was stopped by washing the membrane in distilled water. Detection of protein-specific bands for each of the focal adhesion-specific antibodies at appropriate molecular masses for ITGB1 integrin (;130 kDa), ACTN (;100 kDa), PTK2 (;125 kDa), and TLN1 (;270 and 220 kDa) validated the use of these reagents (Fig. 1) for the temporal-spatial analysis of focal adhesions within the placentome and caruncular epithelial cell cultures by immunofluorescence microscopy.
Immunofluorescence Microscopy
Immunofluorescence was performed with cultures seeded in uncoated or coated (see below) 6-well cell-culture plates containing coverslips. Incubation in buffer without primary antibodies was used as negative control to exclude nonspecific binding of the secondary antibodies. If primary antibodies were derived from different hosts, double labeling was performed. Epithelial cells were characterized using antibodies directed against cytokeratin, tight junctional zonula occludens-1, vimentin, desmin, and smooth muscle actin as described previously [14] . Specificity of primary antibody binding was determined via Western blot analysis as described above. Cryosections of placentomes served as positive controls. In addition, cell membrane-associated signals both in vivo and in vitro as well as colocalization with ITGB1-integrin and the formation of focal adhesions strongly suggest specific primary antibody binding. Cultures and sections were fixed in 100% methanol (À208C) and blocked in a 10% normal donkey serum solution (Chemicon Int., Temecula, CA). Incubation with primary antibodies (for details see Table 1 ) was done overnight at 48C or for 60 min at 378C. After each incubation period, the cells were washed with 0.02 M PBS (pH 7.3) containing 0.3% Tween 20 (SigmaAldrich). The cultures were incubated for another 60 min with appropriate fluorescein isothiocyanate (FITC)-or Cy3-conjugated secondary antibodies (for details see Table 1 ). Sera and antibodies were diluted in a PBS/0.3% Tween solution containing 0.1 g/ml BSA and glycerol at a ratio of 2:1 (pH 8.0). For colocalization studies, combinations of mouse and rabbit primary antibodies were applied sequentially with appropriate fluorochrome-conjugated secondary antibodies. Finally, the coverslips were removed from the wells and placed facedown on slides in Vectashield HardþSet mounting medium with DAPI (4 0 ,6 0 -diamidino-2-phenylindole; Vector Lab, Burlingame, CA). Cryosections were mounted with coverslips in the same manner. All samples were viewed under an Olympus BX50 fluorescence microscope (Olympus, Hamburg, Germany) equipped with DAPI, FITC, and Cy3 filter sets, and images were captured using Spot Insight Software (Diagnostic Instruments, Sterling Heights, MI). The resulting black-and-white images were dyed and overlaid using Metamorph (Visitron Systems GmbH, D-Puchheim) software.
Cell Culture on ECM Proteins
Caruncular epithelial cells were seeded in triplicate (minimum) in 6-well dishes containing coverslips coated with FN, LAMA, or COL4. Uncoated dishes served as controls. Experiments were repeated at least five times. Coating was performed by incubating the wells with 150 ll/cm 2 total solution of 10 lg/ml FN from bovine plasma (Sigma-Aldrich), 10 lg/ml LAMA from human placenta (Sigma-Aldrich), or 10 lg/ml COL4 from bovine placental villi (Chemicon Int.) for 30 min at room temperature. The remaining solution was discarded, and low-passage caruncular epithelial cell cultures were seeded into the wells as described above. After 5 days in culture, the coverslips were prepared for immunofluorescence as described above.
Cell proliferation was determined by counting the number of DAPI-stained nuclei. Samples containing only epithelial cells were analyzed. Briefly, digital images were taken of 10 randomly chosen visual fields at the same magnification (2003) . All nuclei identified in each visual field were counted and summed up using the AnalySIS software program (Olympus Soft Imaging Solutions, Münster, Germany). The mean value of the experiments was used to 
Immunofluorescence performed on cryosections of placentomes of 3-4 mo (early), 5-6 mo (mid), and 7-9 mo (late) of pregnancy were assessed thereby differing between location and intensity of the signals (þþþ strong, þþ moderate, þ weak, À none).
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compare number of cells cultured on uncoated and coated (as described above) dishes. Statistical analysis was performed with the Statistical Analysis System (Release 8.2; SAS Institute Inc., Cary, NC) using a two-way ANOVA with the fixed factors matrix and cell culture. Differences in the numbers of samples per factor were equalized on the basis of the least square means. P-values less than 0.05 were considered significant. ITGB1, phosphotyrosine, and TLN1 expression were assessed by image capture of five selected visual fields per sample at the same magnification using an identical exposure time for all cultures. Three pictures per sample were randomly chosen, and signal intensity and distribution as they related to focal adhesions of cells cultured on coated dishes were qualitatively assessed as to whether there was an increase when compared to corresponding signals of cells cultured on uncoated dishes. No statistical analyses were performed for the expression of these genes.
RESULTS
Localization of ITGB1-Integrin and Associated Focal Adhesion Proteins in Placentomes
Over the course of gestation, no differences in the spatial distribution of the integrin subunit ITGB1, ACTN, and phosphotyrosine were observed ( Fig. 2 and Table 2 ). ITGB1 occurred basally in both maternal and fetal epithelia and endothelia within the maternal stroma and the fetal mesenchyme, while there was TGC staining in the plasma membrane. ACTN clearly demonstrated apicolateral staining in the maternal epithelium as well as moderate expression in both 
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277 trophoblast cell types. Weak ACTN staining was present in the maternal stroma and fetal mesenchyme. Phosphotyrosine showed strong expression in TGC, while maternal epithelium and stroma were weakly stained. TLN1 was predominantly present in the maternal epithelium and the TGC, displaying differences in a temporal manner. As pregnancy progressed, TLN1 expression increased in the TGC and the surrounding caruncular epithelial cells and decreased in the basal compartment of the caruncular epithelial cells. Weak TLN1 staining was also observed in the maternal stroma and the fetal mesenchyme, respectively. In the early stages of pregnancy, PTK2 protein was present in TGC, demonstrating focal cytoplasmic staining. As pregnancy progressed, this staining in TGC increased, and additional PTK2 expression was observed basally in maternal epithelial cells.
Localization of ITGB1-Integrin and Associated Focal Adhesion Proteins in Low Passage Cultures of Bovine Caruncular Epithelial Cells
In vitro, the integrin subunit ITGB1 and associated focal adhesion proteins were detected in all epithelial cells but displayed distinct differences in intracellular localization and staining patterns (Fig. 3) . ITGB1 was strongly expressed along the lateral cytoplasmic membrane, and accumulations of staining characteristic of focal adhesions were observed at A and B) ITGB1 (green) and PTK2 (red). C) Phosphotyrosine (PT; red) and PTK2 (green). D) PT (red) and ITGB1 (green). E) TLN1 (red) and ITGB1 (green). F) ACTN (red) and ITGB1 (green). G) PTK2 (red) and TLN1 (green). H) Control without primary antibody. TLN1 was not present along the cell membrane, whereas staining for ACTN at the focal adhesions was not observed (not shown). Bar ¼ 25 lm.
278 the basal surface of the cells attached to the coverslip. Colocalization of ITGB1 with PTK2 and ACTN along the lateral cell borders, as well as ITGB1 with PTK2 at the sites of focal adhesions, was observed. ACTN was present at the apicolateral border between neighboring cells, whereas TLN1 was only present at focal adhesions. Phosphotyrosine was present along the cytoplasmic membrane and at focal adhesions. Colocalization of phosphotyrosine with PTK2 was observed at focal adhesions. Phosphotyrosine did not perfectly colocalize with ITGB1; however, these proteins were situated side by side. The proliferation of cultured low-passage caruncular epithelial cells increased significantly on all matrices over controls. FN in particular supported significantly greater cell proliferation than all other treatments (Fig. 4) . The average number (6 SD) of nuclei counted on FN-(1618.71 6 329.87; P ¼ 0.0001), LAMA-(592.58 6 213.79; P ¼ 0.0013) and COL4-(691.35 6 297.67; P ¼ 0.04) coated dishes was significantly higher than on uncoated (436.06 6 199.48) dishes. FN coating was also significantly superior to coating with LAMA (P ¼ 0.0001) and COL4 (P ¼ 0.0001).
Effect of Coating with
Coating with LAMA and COL4 did not effect the distribution of ITGB1 and phosphotyrosine in low-passage caruncular epithelial cells, whereas TLN1 staining at focal adhesions was markedly increased on all coating treatments (Fig. 5) . In contrast, FN coating markedly increased the number of focal adhesions that formed at the basal surface of cells. In addition, immunostaining for ACTN at the cell membrane markedly increased in cells cultured on FN in comparison to the other culture conditions.
DISCUSSION
Focal Adhesions Assemble Between Caruncular Epithelial Cells of the Bovine Placentome
The bovine placentome is a complex placental structure that provides restricted trophoblast invasion and maximal vascular exposure for the transport of molecules across the epitheliochorial feto-maternal interface [20] . By colocalizing aggregates of ITGB1, phosphorylated tyrosine, PTK2, TLN1, and ACTN, we have for the first time conclusively shown that the activation of ITGB1-integrin leads to formation of focal adhesions in caruncular epithelial cells that inhabit the fetomaternal interface.
In the present study, PTK2, phosphotyrosine, and TLN1 were all localized to the majority of the cells in the bovine placentome in vivo also expressing aggregates of the ITGB1-integrin. Maintaining the stability of focal adhesions requires continuous application of local force exerted either from the contractile machinery within the cell or from outside of the cell by application of external forces [21] . Therefore, the increase in TLN1-dependent focal adhesions in TGC suggests a cell typespecific and temporal increase in physical forces between these cells, the neighboring cells, and the ECM as pregnancy advances. TGC are highly migratory and displayed strong staining for phosphotyrosine; however, the tyrosine phosphorylation is not a specific feature of integrin signaling alone. The increased TLN1 expression in the TGC as pregnancy progressed suggests that both inside-out signaling mediated by TLN1 and outside-in signaling may occur simultaneously at different sites or alternately at the same sites. In both sheep and pigs, apical accumulation of TLN1 in uterine luminal epithelial cells and trophoblast cells has previously been used as a sensitive functional index to confirm functional integrin activation and outside-in signaling [22, 23] .
The distribution of PTK2 in the bovine placentome exhibited a remarkable temporal and spatial pattern of expression. During the initial stages of pregnancy, only TGC demonstrated focal cytoplasmic staining for PTK2, while caruncular epithelial cell expression of PTK2 began at midgestation and continued to the end of pregnancy. It may be significant that studies performed on human placental tissue demonstrated similar findings. PTK2 could not be detected in the vasculature and its surrounding tissue of human placental stem villi [24] but was strongly expressed in cytotrophoblasts in vivo and in vitro. Indeed, depending on the site of phosphorylation, PTK2 is considered to be a marker for cytotrophoblast invasion [25] . Furthermore, PTK2 is hypothesized to have important roles in cell migration and invasion, especially in tumor cells [26] . Therefore, aggregation of PTK2 in TGC correlates nicely with the invasive phenotype of TGC. The exquisite temporal and cell type-specific expression of PTK2 in the caruncular epithelium indicates that mechanical forces at this interface increase with fetal growth as pregnancy progresses as an adaptation to increased tension, compression, and/or shear load at this interface and as part of the maturation of the placentome and placenta. On the other hand, the increasing nutritional demand of the fetus requires additional uptake of glucose at the feto-maternal interface. The localization of glucose transporters type 1 and 3 in the bovine placentome has recently been demonstrated by Wooding et al. [27] . In skeletal myotubes, it was demonstrated that PTK2 regulates insulin-mediated cytoskeletal rearrangement that is essential for normal glucose transport and glycogen synthesis [28] .
The in vivo data were strongly supported by results from cultured caruncular epithelial cells grown on rigid ECM. Colocalization of ITGB1 with PTK2 and TLN1 followed by colocalization of PTK2 with TLN1 in these cells confirmed functional integrin activation in vitro. Interestingly, phosphotyrosine colocalized perfectly with PTK2, but phosphotyrosine and ITGB1 were expressed side by side, lacking perfect colocalization, as would be expected of a plasma membrane integrin receptor and the underlying tyrosine-phosphorylated proteins distributed within focal adhesions. These results agree with previous studies that suggest integrin phosphorylation in some cases can actually inhibit integrin activation [7] . Although certainly phosphorylation of FAK is necessary for FAK-mediated integrin activation [29] , the ITGB1 binding site for TLN1 is also a phosphotyrosine binding domain. Tyrosine phosphorylation of ITGB1 mediated by src-kinase inhibits TLN1 binding [30] , resulting in the disassembly of focal adhesions [8, 31] . This process is important for cells participating in migration, hemostasis, and transformation [7] , all properties which are not observed for caruncular epithelial and mononuclear trophoblast cells.
Additional confirmation of the functional activation of integrins in low-passage caruncular epithelial cells was the colocalization of ACTN with ITGB1. In our study, ACTN was located only at the cell borders between neighboring cells in association with ITGB1 but not at the outer borders of the cell colonies and not within the focal adhesion sites at the basal compartment of the cell. This in vitro observation correlated with observations in vivo where ACTN expression was localized to the apicolateral compartment of the caruncular epithelial cells. Similar localization of ACTN was previously reported for the bovine placentome via electron microscopy with the immunoperoxidase/diaminobenzidine staining [32] . Further, apical ACTN linking to b-integrin subunits as a response to SPP1 (osteopontin)-mediated trophoblast-endometrial signaling in the ovine and porcine endometrial epithelium and cultured epithelial and trophectodermal cells has been demonstrated [22, 23] . Taken together, these results suggest that the primary function of ACTN-mediated integrin signaling in the bovine placentome is to participate in feto-maternal membrane communication rather than cell-basement membrane adhesion. However, ACTN also plays an additional role in mechanotransduction as an actin-binding component of the zonula adherens of epithelial cells in association with CDH1 (E-cadherin) and, therefore, the presence of ACTN at the borders between neighboring cells is likely to include a contribution from zonula adherens-associated ACTN as well [33] .
Focal Adhesion Assembly in Bovine Caruncular Epithelium Is Dependent on the Composition of the ECM
Coating cell culture dishes with ECM proteins is a common and well-accepted method to enhance cell adhesion and subsequent proliferation. Depending on the cell type cultured, the effect of coating varies significantly [34] . The results of the present study clearly demonstrate that low-passage caruncular epithelial cells isolated from placentomes of pregnant cows express functionally active ITGB1-integrin and multiple associated focal adhesion molecules that participate in outside-in and inside-out signaling that is critical for communication between cells and ECM at the feto-maternal interface. Further, the formation of these focal adhesions is affected by the composition of the surrounding ECM. Coating culture dishes with LAMA, COL4, and FN leads to a significant increase in proliferation compared to the cells grown on uncoated dishes. Enhancement of growth using LAMA and FN matrices is supported by recent results showing that lowpassage caruncular epithelial cells produce both proteins in culture [13] . Furthermore, this previous study demonstrated the presence of the integrin subunits IGTA6 and ITGB1 as well as ITGAV and ITGB1, which may form receptors for LAMA and FN, respectively. FN secretion in various cultures of epithelial cells is well described, especially at the basolateral surface [35, 36] , and additional coating enhances cell proliferation [37] . In the present study, FN coating led to a significantly higher cell proliferation than coating with other ECM proteins. Continuously high cell proliferation, especially in the caruncular epithelium and independent of total caruncular growth, has been shown to be present in placentomes throughout pregnancy [38] . Thus, high proliferation, especially in this area of the placentomes, is necessary for tissue remodeling and the compensation of the destructive activity of the invading TGC. FN and FN-associated integrin signaling may play a crucial role in this event.
These quantitative results were supported by a qualitative increase of the focal adhesions in cells grown on a FN matrix when detecting ITGB1, TLN1, and phosphotyrosine. The importance of FN for integrin assembly in murine primary trophoblast cell cultures was demonstrated by Yelian et al. [39] , who coated dishes with fragments of the FN molecule, which clearly modulated trophoblast adhesion. Furthermore, it is well established that FN induces ITGB1-integrin activation mediated by tyrosine-phosphorylated PTK2 [40] , lending strong support to our findings. As described above, TLN1 binding to b-integrins promotes focal adhesion assembly and clustering followed by the activation of PTK2 [8, 22] . We therefore conclude that FN coating induced additional ITGB1-integrin aggregation and assembly of focal adhesions in bovine low-passage caruncular epithelial cells mediated by TLN1 and PTK2-dependent tyrosine phosphorylation. Thus FN not only mediates cell proliferation as mentioned above but may also play an important role in cell-cell communication within the caruncular epithelium in vivo.
In conclusion, this is the first report describing integrin activation, focal adhesion assembly, and the distribution pattern of phosphotyrosine, ACTN, TLN1, and PTK2 in the bovine placentome from the 3rd month of pregnancy to near term. Significantly, this study also demonstrates that lowpassage caruncular epithelial cells isolated from pregnant cows maintain integrin-associated properties observed in vivo. In addition, the integrin-mediated response to FN coating not only resulted in enhanced cell proliferation but also increased the formation of functional focal adhesions. We suggest that this in vitro model provides excellent potential for further mechanistic studies designed to elucidate the complex interactions that develop between fetal and uterine cells at the feto-maternal interface required for fetal survival and pregnancy maintenance. These studies support continued and intensified interest in the characterization of in vitro methods that incorporate those cells that participate in the process of feto-maternal interaction such as TGC and mononuclear trophoblast cells.
